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(54) Bidirectional satellite communication system with sharing of a same frequency band 
through superposition of signal frequencies 



(57) A satellite communications system and method 
capable of bidirectional satellite communications be- 
tween earth stations via a satellite, whereby communi- 
cations by a plurality of signals sharing the same fre- 
quency band become possible while partially or wholly 
superposing respective signal frequencies. Each earth 
station including: a transmission circuit (1, 2, 3, 4, 5) for 
transmitting a local transmission signal toward the satel- 
lite; a reception circuit (5, 6, 7. 8, 9) for receiving a 
remote transmission signal transmitted from a remote 



earth station and a return signal, the return signal being 
part of the local transmission signal transmitted from the 
local earth station toward the satellite and partially 
returned from the satellite and received at the local 
earth station; and a cancelling circuit (48) being sup- 
plied with part of the local transmission signal and the 
received return signal, for cancelling the received return 
signal by part of the local transmission signal. 
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Description 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

The present invention relates to a satellite communications system and method capable of efficiently using a fre- 
quency band of satellite communications. 

10 Description of the Related Art 

In satellite communications, a usable frequency band of a repeater is limited and a repeater user is incurred with a 
charge proportional to the frequency bandwidth. An efficient use of a frequency band is therefore necessary. To this 
end, it has been proposed to use the same frequency band by a plurality of signals 
is If different satellites are used, two signals of the same frequency band can be separated by utilizing the directivity 
of an antenna at each earth station. Even if the same satellite is used, two signals of orthogonally polarized vertical and 
horizontal waves can be discriminated by an orthogonal polarization band splitter. 

However, two signals of the same polarization from the same satellite cannot be separated, posing a problem that 
both the signals cannot be received. 
20 As above, in a conventional satellite communications system, the same frequency band cannot be shared for the 
transmission of two signals of the same polarization via the same satellite. 

An example of the prior art satellite communications system is illustrated in Fig. 12. 

This example shows bidirectional communications between two stations A and B (earth stations). Two signals are 
transmitted, one signal S A (A -> B) being transmitted from station A to station B and the other signal S B (B -» A) being 

25 transmitted from station B to station A. If the bands of two signals are superposed, both the signals cannot be received. 
Frequency division multiple access (FDMA) and time division multiple access (TDMA) have been used as a means for 
avoiding signal superposition. 

In FDMA as shown in Fig. 12 at (1). two stations A and B transmit signals S A and S B at different frequency bands 
in order to avoid signal superposition and allow bidirectional communications. It is therefore necessary to occupy the 

30 banctondth (BW (A -» B) + (BW (B -» A) which is a sum of the bandwidth BW (A -» B) required for signal transmission 
from station A to station B and the bandwidth BW (B -» A) required for signal transmission from station B to station A. 

In TDMA as shown in Fig. 12 at (2). two stations A and B transmit signals S A and S B in a burst form at predeter- 
mined timings in such a synchronous manner that two signals are not superposed in the time domain at the repeater of 
a satellite. The transmission is controlled so that while the signal from station A is reaching the satellite, the signal from 

35 station B is not reaching the satellite, and vice versa. Since each station transmits a signal in a batch manner in a limited 
time, the necessary bandwidth increases. It is therefore necessary to occupy the bandwidth (BW (A -> B) + (BW (B -> 
A) which is a sum of the bandwidth BW (A -> B) required for transmission of the signal S A from station A to station B 
and the bandwidth BW (B -> A) required for transmission of the signal S B from station B to station A. Complicated syn- 
chronizing equipments are also required. 

AO Code division multiple access (CDMA) is also known. In CDMA, a signal to be transmitted is dispersed by using a 
high speed code and it is not desirable from the viewpoint of efficient frequency usage. 

Conventional technology called interference compensation is known which is used as a means for correctly sepa- 
rating a reception signal (desired wave) from a reception obstacle signal (interference signal) superposed upon the 
reception signal. 

45 This technology is adopted to eliminate a reception failure in satellite communications to be caused by superposed 
waves in a satellite system and a terrestrial system. This technology basicaDy relies upon an auxiliary antenna which 
has such a directivity that only waves of the terrestrial system can receive. Specifically, if waves (interference waves) of 
the terrestrial system superpose upon reception waves (desired wave) of the satellite system because of the side lobe 
characteristics of a satellite wave reception antenna (main antenna), another auxiliary antenna receiving only tnterfer- 

so ence waves of the terrestrial system is used for cancelling the interference wave components contained in the reception 
waves of the main antenna. 

A conventional earth station in satellite communications is not provided with a function of cancelling a local trans- 
mission signal (satellite return signal) contained in its reception signal. Therefore, a plurality of signals superposed one 
upon another cannot be used on the same frequency band. 
55 Consider now that the same frequency band is made usable (band sharing) in bidirectional communications 
between stations A and B and the necessary bandwidth is halved at a maximum. In this case, as illustrated in Fig. 1 
showing the concepts of the invention, a local transmission signal (satellite return signal) of stations A and B (earth sta- 
tions) becomes an interference signal hindering normal reception, as different from conventional technologies. This 
interference signal comes from the same satellite as the desired wave so that it is not possible to receive only the inter- 
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ference signal by utilizing the antenna directivity. In conventional satellite communications, each station has no function 
of removing such an interference signal. 

SUMMARY OF THE INVENTION 

5 

It is one object of the present invention to provide a satellite communications system and method capable of effi- 
ciently using or band sharing limited frequency resources. 

It is another object of the present invention to provide a satellite communications system and method capable of 
cancelling local transmission signal components or satellite return signal contained in its reception signal and providing 
io good satellite communications, when the frequency band is to be efficiently used by positively incorporating interfer- 
ence. 

Although a frequency band is intended to be used efficiently through incorporation of interference, only a local 
transmission signal (S A or Sb) cannot be separated from its reception signal by utilizing the antenna directivity charac- 
teristics and spatial diversity, as different from interference of a terrestrial wave which can be cancelled by conventional 
15 interference compensation technology. According to one aspect of the present invention, there are provided means for 
generating a signal same as the local transmission signal contained in its reception signal and means for cancelling the 
local transmission signal contained in its reception signal by controlling the amplitude and phase of the generated sig- 
nal. 

According to another aspect of the present invention, there is provided means for controDing a delay time of the sig- 
20 nal for cancelling the local transmission signal or satellite return signal so as to compensate for a variation of a trans- 
mission delay time of the local transmission signal caused by drifts of a satellite. 

Since two signals of the same frequency band are allowed to be received at the same time by a satellite repeater, 
a limited power of the repeater is required to lower by 3 dB at the maximum in some cases. 

In such cases, according to another aspect of the present invention, since each earth station has its local transmis- 
25 sion information, each local station generates a signal same as the local transmission signal components contained in 
its reception signal, and adds the generated signal having the same amplitude as. and the opposite phase to, those of 
the local transmission signal components to the reception signal to cancel or offset the local transmission signal com- 
ponents. In this manner, a signal of the same frequency band transmitted from a remote station can be correctly 
received. 



30 



BRIEF DESCRIPTION OF THE DRAWINGS 



Fig. 1 illustrates the concepts of the present invention. . . 

Fig. 2 is a diagram illustrating the operation of an embodiment of the present invention. 
35 Fig. 3 is a diagram illustrating conventional multi-site communications. 

Fig. 4 is a diagram illustrating multi-site communications. 

Fig. 5 is a diagram illustrating a very small aperture terminal (VSAT) system. 

Fig. 6 is a block diagram showing the structure of an embodiment of the present invention. 

Fig. 7 is a block diagram showing the structure of another embodiment of the present invention. 
40 Fig. 8 is a block diagram showing the structure of a further embodiment of the present invention. 

Fig. 9 is a block diagram showing the structure of a still further embodiment of the present invention. 

Fig. 10 is a diagram showing an example of a phase control circuit used by the embodiments of the present inven- 
tion. 

Fig. 11 is a cfiagram showing another example of a phase control circuit used by the embodiments of the present 
45 invention. 

Fig. 12 is a diagram illustrating the concepts of conventional technology. 
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

so Figs. 2 to 5 are diagrams used for describing the concepts of the present invention. Fig. 2 shows an example of 
bidirectional communications between two stations. Referring to Fig. 2, both earth stations A and B receive a super- 
posed signal of S' A and S' B from the satellite. Earth station A has a signal S A and cancels the satellite return signal S' A 
by using the signal S A to obtain a signal S' B transmitted from earth station B via the satellite. Earth station B has a signal 
S B and cancels the satellite return signal S* B by using the signal S B to obtain a signal S* A transmitted from earth station 

55 A via the satellite. 

The principle of cancelling a local transmission signal (satellite return signal) will be described using some equa- 
tions. 
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The signal (S' A + S'b) received from the satellite is added by an adder to a signal (S' A or Sy for cancelling a local 
transmission signal contained in the received signal (S' A + S* B ). Signals at input and output ports of the adder are given 
by the following equations. 

The signal (S' A + S' B ) received from the satellite is given by S{t) of the following equation (1): 

5 

S(t) = S^MoJexpOt^^t-toHe!)] +S 2 (t-t 2 )expD{co 2 (M 2 )+e 2 }] (1) 

where to is a time required fa a radio wave to reach the satellite and return to earth station A or B. 
The signal for cancelling a local transmission signal is given by S s (t) of the following equation (2): 

10 

S s (t) =a 0 S 1 (t-t 0 )expD{o> 1 (t-t D )+e s+ 7i}] (2) 
= -a 0 S , (t-t D )expO{o , (t-t 0 )+e s }] 



is where to is a delay time at a delay circuit 

Substituting At for a term (to-to) and t for a term (t-to). an output signal St of the adder is given by the equation (3): 

S T (t) = S(t) + S s (t) (3) 
= {S ! (x)-a 0 S ! (T+AT)expD{o ! Ax+0 s -e , }]}exp[j(o 1 t+6 , )] + S 2 (t-t ^expQo) 2 ( T - X *) + e 2 

20 

where t 2 ' = t 2 -t 0 . 

If At « 0, then the equation (3) is rewritten by the equation (4): 

25 S T (t) = S 1 (T)(1-a 0 cos(e s -e 1 )-ja 0 sin(e s -e l )}expO{m 1 T+e 1 )]+S 2 (T-T^ (4) 

If the amplitude and phase of the signal for cancelling the local transmission signal are adjusted to satisfy the con- 
ditions of ao = 1 and 8 s = e t , the output of the adder is given by the equation (5): 

30 S T (t) = S 2 (T-T 2 ')expDo )2 (T-T 2 }+e 2 (5) 

As seen from the equation (5), only the remote transmission signal S2 (S' A or S' B ) can be received. 
In this cancellation, it is important to satisfy the condition of At « 0 and compensate for a variation of a delay time 
caused by the position change of the satellite. 

35 There is a time delay of satellite return propagation between a signal transmitted from a satellite earth station and 
local transmission signal components contained in a signal received from the satellite. Therefore, in order to cancel the 
local transmission signal components in a reception signal, a storage means for delaying (storing) local transmission 
signal information by a time (about 0.24 sec) required for satellite return propagation is provided. This can be achieved 
by storing baseband data before modulation, in a buffer (memory). The delay time varies with drifts of the satellite. This 

40 variation can be compensated by controlling the timing when the data in the memory is read. By using this baseband 
data stored in the buffer (memory), a modulated wave is generated. The amplitude and phase of the modulated wave 
are adjusted to have the same amplitude as, and the opposite phase to. those of the local transmission signal compo- 
nents contained in the reception signal, and are added to the reception signal, in this manner, the local transmission 
signal components contained in the reception signal can be cancelled and a desired signal can be correctly received. 

45 The signal received from the satellite is subjected to a frequency change of the local oscillator at the satellite repeater. 
In order to compensate for the frequency change of the local oscillator at the satellite repeater, a carrier is reproduced 
from the reception signal and used for generating the modulated wave for cancelling the local transmission signal. For 
the reproduction of a carrier, it is effective to set the carrier frequencies of stations A and B slightly different. 

In order to adjust the delay time, it can be considered to use the format of the local transmission signal. For exam- 

so pie. the transmission signal is made in the form of frame and a frame marker indicating the position of the frame is 
affixed. It is also possible to adjust the delay time through synchronization between a received and separated dock and 
a clock (delay data read timing) for generating the modulated wave for cancelling the local transmission signal. 

A suppression factor of local transmission signal components can be improved by equalizing distortions caused by 
limited bandwidth and delay of the satellite return path (satellite repeater, local transmissionVeception RF filter, and so 

55 on). 

If the amounts of information of two-site bidirectional communications are the same, complete band sharing is pos- 
sible and the bandwidth can be halved as compared to conventional communications. 
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If the amounts of information of two-site bidirectional communications are different a broader bandwidth is 
reserved to allow band sharing communications. As different from conventional communications, the narrower band- 
width is not necessary so that the band can be used efficiently. 

Also in multi-site communications, band sharing is possible by assigning one band with each two-site communica- 
5 tiorts group because mutti-site commurtications can be basically regarded as two-site communications through broad- 
cast communications. 

For example, a band allocation of conventional FDMA becomes as shown in Fig. 3 at (1) where a notation 1 -» 2 
or the like means communications from a station 1 at a site 1 to a station 2 at a site 2. In contrast the bandwidth of this 
invention is halved as shown in Fig. 4. 
io Also as compared to conventional TDMA communications shown in Fig. 3 at (2), the communications of this inven- 
tion illustrated in Fig. 4 can efficiently use the band in total. 

A frequency deviation at the satellite repeater can be obtained by comparing a carrier of an original signal transmit- 
ted from a local station with a carrier which is reproduced from the local transmission signal contained in its reception 
signal so that a local transmission signal cancelling circuit can generate a signal tor cancelling the local transmission 
is signal. The reliability of the whole system can be improved by controlling the frequency of the original signal at a local 
station in accordance with the frequency deviation at the satellite repeater, and setting the precise and stable frequency 
of the reception signal at the local station. 

Fig. 5 illustrates an application of this invention to a very small aperture terminal (VSAT) system. The VSAT system 
includes a HUB station having a large antenna and a high power amplifier, and a number of very small aperture termi- 
20 nals (VSATs). A signal S H from the HUB station has a high power, whereas a signal Sy from each VSAT has a low 
power. The HUB station can receive easily a signal S' v from each VSAT via the satellite through cancellation of the local 
transmission signal (satellite return signal) S' H even if the signal has the same frequency band as the signal S H . On the 
other hand, each VSAT can receive the signal S* H from the HUB station without the signal cancelling circuit because 
the signal S' H is large. Although both the large signal S' H from the HUB station and the small signal S' v from VSAT are 
25 received at VSAT, the signal from the HUB station can be stably received by inserting a proper non-linear circuit (such 
as an amplifier) at VSAT and positively using the performance of the non-linear circuit which has a small signal suppres- 
sion effect with respect to a large signal. 

As above, a satellite communications earth station is provided with a function of cancelling local transmission signal 
components contained in its reception signal. Accordingly, a VSAT system using the same frequency band can be real- 
30 ized and frequency resources can be economized considerably. 

In order to facilitate equalization of amplitude/delay on the satellite return path, correction of a delay time including 
satellite drifts, reproduction of a carrier for cancelling the local transmission signal, and the like, it is effective to perform 
a pre-adjustment before the system start-up at each station. Addition of such functions is preferable. 

ff a power of a satellite repeater is limited as discussed previously, a power of radio waves received at an earth sta- 
35 tion from the satellite is small. In order to maintain a quality of communications similar to conventional communications, 
a large reception antenna is used. For example, in the case of lowering the power at the satellite repeater by 3 dB at 
the maximum, the diameter of the antenna is increased by about 1 .4 times. 

As compared to conventional satellite communications, the frequency band can be used more efficiently because 
according to the invention, the increased number of communications channels can be accommodated in a limited fre- 
40 quency band. 

Applying this invention to a satellite communications system for two-site bidirectional communications can econo- 
mize the frequency band. 

The invention is also applicable to a multi-site satellite communications system, with economized frequency band. 

The invention is also applicable to a VSAT system, with economized frequency band and stabilized system. 
45 In two-site bidirectional communications, in order to demodulate one of superposed two signals of two stations, a 
signal (interference signal) different from a signal to be demodulated from a reception signal is required to be cancelled. 
In this case, only a station transmitting the interference signal and having interference signal information can demodu- 
late, and stations other than the two stations in communications cannot demodulate, so that a privacy function can be 
obtained. 

so Detailed embodiments of the invention will be described with reference to the accompanying drawings. 
Fig. 6 is a block diagram showing the structure of an embodiment of the invention. 

First, a transmission system will be described. Referring to Fig. 6, reference numeral 1 represents a local transmis- 
sion baseband circuit reference numeral 2 represents a local transmission modulator, reference numeral 3 represents 
a frequency converter (up-converter). reference numeral 4 represents a high power amplifier, and reference numeral 5 
55 represents an antenna. The local transmission baseband circuit 1 digitizes transmission information such as audio, 
video, and data, and error-correction encodes it for the correction of any error generated on a transmission channel to 
generate a transmission bit train which is inputted to the local transmission modulator 2. In order to convert the trans- 
mission bit train into a modulated wave suitable for the transmission channel, the local transmission modulator 2 mod- 
ulates a carrier outputted from an oscillator at the local station with the transmission bit train to obtain a modulated 
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transmission wave which is inputted to the up-converter 3. The up-converter converts the frequency of the modulated 
transmission wave into a frequency (RF frequency) suitable for the transmission of radio waves toward the satellite. For 
example, this frequency is a 14 GHz band for Ku band and a 6 GHz band for C band. The modulated and frequency- 
converted transmission wave is inputted to the high power amplifier 4 which amplifiers the wave to have a power nec- 
5 essary for the transmission. The amplified signal is inputted to the antenna 5 from which radio waves are transmitted 
toward the satellite. The constituents 1 to 5 are simitar to those of a transmission system of a conventional satellite com- 
munications earth station, and the detailed description thereof is omitted. 

Next a reception system wfll be described. Reference numeral 6 represents a low noise amplifier, reference 
numeral 7 represents a frequency converter (down-converter), reference numeral 8 represents a remote transmission 
10 signal demodulator, and reference numeral 9 represents a remote transmission signal baseband circuit. A signal trans- 
mitted from an earth station is frequency-converted by the satellite repeater into a frequency different from the fre- 
quency of the transmitted signal, and the radio wave (S* v + S ' H ) is transmitted toward the antenna 5. For example, the 
converted frequency is a 12 GHz band tor Ku band and a 4 GHz band tor C band. A weak signal received from the sat- 
ellite by the antenna 5 is inputted to the low noise amplifier 8 to amplify it. The signal amplified by the low noise amplifier 
is 6 is inputted to the down-converter 7 which converts the frequency of the signal amplified by the low noise amplifier 6 
into a frequency (IF frequency) suitable for signal processing such as demodulation. The frequency-converted signal is 
:, i.A"; V; inputted to the remote transmission signal demodulator 8 which demodulates the modulated wave of the IF frequency 

and converts it into a reception bit train. The reception bit train is inputted to the remote transmission signal baseband 
circuit 9 which performs an error-correction process and the like to obtain transmission irrformation transrnrtted from ^ 
v: 20 remote station. The constituents 5 to 9 are similar to those of a transmission system of a conventional satellite commu- 

nications earth station, and the detailed description thereof is omitted. 

In this embodiment, in order to realize the function of cancelling a local transmission signal, constituents 10,11,12, 
13. and 18 are added to the above-described conventional system. Reference numeral 10 represents a delay (memory) 
circuit for local transmission wave cancelling signal generation, reference numeral 1 1 represents a carrier reproducing 
25 circuit, reference numeral 1 2 represents a modulator for local transmission wave cancelling signal generation, reference 
numeral 13 represents an amplitude/phase control circuit for local transmission wave cancelling signal generation, and 
reference numeral 18 represents an adder. 

The transmission bit train (an output from the baseband circuit 1) used at the transmission system for modulation 
is also inputted to the delay (memory) circuit 10. The delay (memory) circuit 10 stores the transmission bit train in order 
30 to delay it by a time required for the transmission wave S H to transmit from the earth station to the satellite and reach 
the earth station via the satellite repeater as the local transmission wave S' H , and inputs the transmission bit train 
delayed by a necessary time to the modulator 12. The signal (S' v + S' H ) converted into the IF frequency by the fre- 
quency converter 7 of the reception system is also distributed to the carrier reproducing circuit 11. The carrier repro- 
ducing circuit 11 reproduces the carrier (S* H ) of the local transmission wave components contained in the reception 
35 signal of the IF frequency, and inputs it to the modulator 1 2. The modulator 12 modulates like in the transmission system 
the carrier (S'h) inputted from the carrier reproducing circuit 1 1 1 with the transmission bit train (S' H ) inputted from the 
delay (memory) circuit 10 to thereby generate a modulated wave for local transmission wave cancelling signal genera- 
^ - " ■ ' - tion which is inputted to the amplitude/phase control circuit 13. The amplitude/phase control circuit 13 controls the 

; r ■ v k amplitude and phase of the modulated wave for local transmission wave cancelling signal generation to make the mod- 

t^$pk ulated wave have the same amplitude as, and the opposite phase to, those of the local transmission signal components 

(S H ) contained in the reception signal (a signal from the down-converter 7 to the adder 18). The local transmission 
wave cancelling signal (-S'h) with the adjusted amplitude and phase is inputted to the adder 18 which adds the signal 
(S'v + S* H ) from the down-converter 7 to the signal (-S' H ) from the amplitude/iDhase control circuit 13. Addition by the 
adder 18 suppresses the local transmission signal components contained in the reception signal by the cancelling 
45 effects and can separate the remote transmission signal components. Therefore, the remote transmission signal 
demodulator 8 and remote transmission signal baseband circuit 9 at the later stages can operate normally. 

The above-described arrangement adds a function of cancelling the local transmission signal components to a con- 
; verrtional satellite communication earth station. 

Fig. 7 is a block diagram showing the structure of another embodiment of the invention. In this embodiment, a 
so remote transmission signal is demodulated and error-corrected and the degree of error correction is fed back to the 
remote station to reduce errors. 

First a transmission system will be described. Referring to Fig. 7, reference numeral 1 represents a local transmis- 
sion baseband circuit, reference numeral 2 represents a local transmission modulator, reference numeral 3 represents 
a frequency converter (up-converter), reference numeral 4 represents a high power amplifier, and reference numeral 5 
55 represents an antenna. The local transmission baseband circuit 1 digitizes transmission information such as audio, 
video, and data, and error-correction encodes it for the correction of any error generated on a transmission channel to 
generate a transmission bit train which is inputted to the local transmission modulator 2. In order to convert the trans- 
mission bit train into a modulated wave suitable for the transmission channel, the local transmission modulator 2 mod- 
ulates a carrier outputted from an oscillator at the local station with the transmission bit train to obtain a modulated 
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transmission wave which is inputted to the up-converter 3. The up-cortverter converts the frequency of the modulated 
transmission wave into an RF frequency suitable for the transmission of radio waves toward the satellite. The modulated 
and frequency-converted transmission wave is inputted to the high power amplifier 4 which amplifiers the wave to have 
a power necessary for the transmission. The amplified signal is inputted to the antenna 5 from which radio waves are 

5 transmitted toward the satellite. The constituents 1 to 5 are similar to those of a transmission system of a conventional 
satellite communications earth station. 

Next, a reception system will be described. Reference numeral 6 represents a low noise amplifier, reference 
numeral 7 represents a frequency converter (down-converter), reference numeral 8 represents a remote transmission 
signal demodulator, and reference numeral 9 represents a remote transmission signal baseband circuit A signal trans- 

io mitted from an earth station is frequency-converted by the satellite repeater into a frequency cfifferent from the fre- 
quency of the transmitted signal, and the radio wave is transmitted toward the antenna 5. A weak signal received from 
the satellite by the antenna 5 is inputted to the low noise amplifier 8 to amplify it The signal amplified by the low noise 
amplifier 6 is inputted to the down-converter 7 which converts the frequency of the signal amplified by the low noise 
amplifier 6 into an IF frequency suitable for signal processing such as demodulation. The frequency-converted signal is 

is inputted to the remote transmission signal demodulator 8 which demodulates the modulated wave of the IF frequency 
and converts it into a reception bit train. The reception bit train is inputted to the remote transmission signal baseband 
circuit 9 which performs an error-correction process and the like to obtain transmission information transmitted from the 
remote station. The constituents 5 to 9 are similar to those of a transmission system of a conventional satellite commu- 
nications earth station. 

20 In this embodiment, in order to realize the function of cancelling a local tmnsn^ssion signal, constituerrts 10, 11. 12, 
13,14 and 1 8 are added to the above-described conventional system. Reference numeral 1 0 represents a delay (mem- 
ory) circuit for local transmission wave cancelling signal generation, reference numeral 1 1 represents a carrier repro- 
ducing circuit, reference numeral 12 represents a modulator for local transmission wave cancelling signal generation, 
reference numeral 13 represents an amplitude/phase control circuit for local transmission wave cancelling signal gen- 

25 eration, reference numeral 14 represents a controller, and reference numeral 18 represents an adder. 

The transmission bit train (an output from the baseband circuit 1) used at the transmission system for modulation 
is also inputted to the delay (memory) circuit 10. The delay (memory) circuit 10 stores the transmission bit train in order 
to delay it by a time required tor the transmission wave to transmit from the earth station to the satellite and reach the 
earth station via the satellite repeater as the local transmission wave, and inputs the transmission bit train delayed by a 

30 necessary time to the modulator 12. The signal converted into the IF frequency by the frequency converters of the 
reception system is also distributed to the carrier reproducing circuit 11. The carrier reproducing circuit 1 1 reproduces 
the carrier of the local transmission wave components contained in the reception signal of the IF frequency, and inputs 
it to the modulator 12. The modulator 12 modulates like in the transmission system the carrier inputted from the carrier 
reproducing circuit 1 1 1 with the transmission bit train inputted from the delay (memory) circuit 10 to thereby generate a 

35 modulated wave tor local transmission wave cancelling signal generation which is inputted to the amplitude/phase con- 
trol circuit 13. The amplitude/phase control circuit 13 controls the amplitude and phase of the modulated wave for local 
transmission wave cancelling signal generation to make the modulated wave have the same amplitude as, and the 
opposite phase to. those of the local transmission signal components contained in the reception signal (a signal from 
the down-converter 7 to the adder 18). The local transmission wave cancelling signal with the adjusted amplitude and 

40 phase is inputted to the adder 1 8. The bit-error rate obtained through error-correction by the remote transmission signal 
baseband circuit 9 is supplied to the controller 14. ff the bit error rate increases, it is judged that the local transmission 
signal cancelling is not sufficient. In this case, the controller 14 controls the amplitude/phase control circuit 1 3 to change 
the amplitude and phase of the signal modulated by the modulator 12 and minimize the bit error rate. The adder 1 8 adds 
the signal from the down-converter 7 to the signal from the amplitude/|phase control circuit 13. Addition by the adder 18 

45 suppresses the local transmission signal components contained in the reception signal by the cancelling effects and 
can separate the remote transmission signal components. Therefore, the remote transmission signal demodulator 8 
and remote transmission signal baseband circuit 9 at the later stages can operate normally. 

The above-described arrangement adds a function of cancelling the local transmission signal components to a con- 
ventional satellite communication earth station, and also adds a function of feeding back code error information of the 

so received remote transmission signal to the amplitude/phase control unit tor local transmission signal components can- 
celling in order to judge the cancelling effects. 

Fig. 8 is a block diagram showing the structure of a further embodiment of the invention. In this embodiment, a sig- 
nal level difference between signals before and after a local transmission signal component cancelling circuit is used to 
control the cancelling circuit by detecting local transmission signal components left uncancelled in the reception signal. 

55 First a transmission system will be described. Referring to Fig. 8. reference numeral 1 represents a local transmis- 
sion baseband circuit reference numeral 2 represents a local transmission modulator, reference numeral 3 represents 
a frequency converter (up-converter), reference numeral 4 represents a high power amplifier, and reference numeral 5 
represents an antenna. The local transmission baseband circuit 1 digitizes transmission information such as audio, 
video, and data, and error-correction encodes it for the correction of any error generated on a transmission channel to 
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generate a transmission bit train which is inputted to the local transmission modulator 2. In order to convert the trans- 
mission bit train into a modulated wave suitable for the transmission channel, the local transmission modulator 2 mod- 
ulates a carrier outputted from an oscillator at the local station with the transmission bit train to obtain a modulated 
transmission wave which is inputted to the up-converter 3. The up-converter converts the frequency of the modulated 
transmission wave into an RF frequency suitable for the transmission of radio waves toward the satellite. The modulated 
and frequency-converted transmission wave is inputted to the high power amplifier 4 which amplifiers the wave to have 
a power necessary for the transmission. The amplified signal is inputted to the antenna 5 from which radio waves are 
transmitted toward the satellite. The constituents 1 to 5 are similar to those of a transmission system of a conventional 
satellite communications earth station. 

Next, a reception system will be described. Reference numeral 6 represents a low noise amplifier, reference 
numeral 7 represents a frequency converter (down-converter), reference numeral 8 represents a remote transmission 
signal demodulator, and reference numeral 9 represents a remote transmission signal baseband circuit A signal trans- 
mitted from an earth station is frequency-converted by the satellite repeater into a frequency different from the fre- 
quency of the transmitted signal, and the radio wave is transmitted toward the antenna 5. A weak signal received from 
the satellite by the antenna 5 is inputted to the low noise amplifier 8 to amplify it The signal amplified by the low noise 
amplifier 6 is inputted to the down-converter 7 which converts the frequency of the signal amplified by the low noise 
amplifier 6 into an IF frequency suitable for signal processing such as demodulation. The frequency-converted signal is 
inputted to the remote transmission signal demodulator 8 which demodulates the modulated wave of the IF frequency 
and converts it into a reception bit train. The reception bit train is inputted to the remote transmission signal baseband 
circuit 9 which performs an error-correction process and the like to obtain transmission information transmitted from the 
remote station. The constituents 5 to 9 are similar to those of a transmission system of a conventional satellite commu- 
nications earth station. 

In this embodiment, in order to realize the function of cancelling a local transmission signal, constituents 10. 1 1. 12, 
1 3, 1 4, 1 5, 1 6 and 1 8 are added to the above-described conventional system. Reference numeral 1 0 represents a delay 
(memory) circuit for local transmission wave cancelling signal generation, reference numeral 1 1 represents a earner 
reproducing circuit reference numeral 12 represents a modulator for local transmission wave cancelling signal gener- 
ation, reference numeral 13 represents an amplitude/phase control circuit for local transmission wave cancelling signal 
generation, reference numeral 14 represents a controller, reference numerals 15 and 16 represent power detecting cir- 
cuits, and reference numeral 18 represents an adder. 

The transmission bit train (an output from the baseband circuit 1) used at the transmission system for modulation 
is also inputted to the delay (memory) circuit 10. The delay (memory) circuit 10 stores the transmission bit train in order 
to delay it by a time required for the transmission wave to transmit from the earth station to the satellite and reach the 
earth station via the satellite repeater as the local transmission wave, and inputs the transmission bit train delayed by a 
necessary time to the modulator 12. The signal converted into the IF frequency by the frequency converter 7 of the 
reception system is also distributed to the carrier reproducing circuit 11. The carrier reproducing circuit 11 reproduces 
the carrier of the local transmission wave components contained in the reception signal of the IF frequency, and inputs 
it to the modulator 1 2. The modulator 12 modulates like in the transmission system the carrier inputted from the carrier 
reproducing circuit 1 1 1 with the transmission bit train inputted from the delay (memory) circuit 1 0 to thereby generate a 
modulated wave for local transmission wave cancelling signal generation which is inputted to the amplitude/phase con- 
trol circuit 13. The amplitude/jphase control circuit 13 controls the amplitude and phase of the modulated wave for local 
transmission wave cancelling signal generation to make the modulated wave have the same amplitude as, and the 
opposite phase to, those of the local transmission signal components contained in the reception signal (a signal from 
the down-converter 7 to the adder 18). The local transmission wave cancelling signal with the adjusted amplitude and 
phase is inputted to the adder 1 8. Power information of signals before and after the addition for local transmission signal 
cancelling is supplied to the controller 14. The controller 14 controls the amplrtude/^hase control circuit 13 to change 
the amplitude and phase in order to maximize a difference between powers before and after the addition, excepting the 
attenuation amount in the adder 18 itself. For example, this power difference is about 3 dB at the maximum in two-site 
communications, and several dB to several tens dB in the case of a HUB station of a VSAT system. The power detecting 
circuit 15 detects a signal level before the addition and supplies it to the controller 14, whereas the power detecting cir- 
cuit 16 detects a signal level after the addition and supplies it to the controller 14. The power detection circuits 1 5 and 
16 are not necessary in some cases by using an AGC control value if an AGC circuit is used in the IF frequency band. 
The adder 1 8 adds the signal from the down-converter 7 to the signal from the amplitude/phase control circuit 13. Addi- 
tion by the adder 18 suppresses the local transmission signal components contained in the reception signal by the can- 
celling effects and can separate the remote transmission signal components. Therefore, the remote transmission signal 
demodulator 8 and remote transmission signal baseband circuit 9 at the later stages can operate normally. 

The above-described arrangement adds a function of cancelling the focal transmission signal components to a con- 
ventional satellite communication earth station. The signal level difference between signals before and after a local 
transmission signal component cancelling circuit is used to control the cancelling circuit by detecting local transmission 
signal components left uncancelled in the reception signal. 



8 



EP0 732 814A2 



Fig. 9 ts a block diagram showing the structure of a still further embodiment of the invention. This embodiment is 
provided with a training function tor improving the local transmission signal component cancelling effects by compen- 
sating for transmission channel distortions. The cancelling signal is generated after the distortion characteristics of a 
satellite return transmission path inducing a satellite repeater and local transmission/reception RF systems are equal - 

5 ized. Specifically, before the start of communications, each partner earth station transmits a signal and receives a local 
transmission signal or satellite return signal. During this period, an adaptive filter through which a cancelling signal 
passes is subject to learning of optimization of the fitter coefficients and maximization of the cancelling effects. With this 
operation at each partner earth station prior to actual cornmunications. the cancelling can be performed more suffi- 
ciently and the bit error rate can be improved. 

w First a transmission system will be descrtoed. Referring to Fig. 9, ref erence numeral 1 represents a local transmis- 
sion baseband circuit reference numeral 2 represents a local transmission modulator, reference numeral 3 represents 
a frequency converter (up-converter). reference numeral 4 represents a high power amplifier, and reference numeral 5 
represents an antenna. The local transmission baseband circuit 1 digitizes transmission information such as audio, 
video, and data, and error-correction encodes it for the correction of any error generated on a transmission channel to 

75 generate a transmission bit train which is inputted to the local transmission modulator 2. In order to convert the trans- 
mission bit train into a modulated wave suitable for the transmission channel, the local transmission modulator 2 mod- 
ulates a carrier outputted from an oscillator at the local station with the transmission bit train to obtain a modulated 
transmission wave which is inputted to the up-converter 3. The up-converter converts the frequency of the modulated 
transmission wave into an RF frequency suitable for the transmission of radio waves toward the satellite. The modulated 

20 and frequency-converted transmission wave is inputted to the high power amplifier 4 which amplifiers the wave to have 
a power necessary for the transmission. The amplified signal is inputted to the antenna 5 from which radio waves are 
transmitted toward the satellite. The constituents 1 to 5 are similar to those of a transmission system of a conventional 
satellite communications earth station. 

Next, a reception system will be described. Reference numeral 6 represents a low noise amplifier, reference 

25 numeral 7 represents a frequency converter (down-converter), reference numeral 8 represents a remote transmission 
signal demodulator, and reference numeral 9 represents a remote transmission signal baseband circuit. A signal trans- 
mitted from an earth station is frequency-converted by the satellite repeater into a frequency different from the fre- 
quency of the transmitted signal, and the radio wave is transmitted toward the antenna 5. A weak signal received from 
the satellite by the antenna 5 is inputted to the low noise amplifier 8 to amplify it. The signal amplified by the low noise 

30 amplifier 6 is inputted to the down-converter 7 which converts the frequency of the signal amplified by the low noise 
amplifier 6 into an IF frequency suitable for signal processing such as demodulation. The frequency-converted signal is 
inputted to the remote transmission signal demodulator 8 which demodulates the modulated wave of the IF frequency 
and converts it into a reception bit train. The reception bit train is inputted to the remote transmission signal baseband 
circuit 9 which performs an error-correction process and the like to obtain transmission information transmitted from the 

35 remote station. The constituents 5 to 9 are similar to those of a transmission system of a conventional satellite commu- 
nications earth station. 

In this embodiment, in order to realize the function of cancelling a local transmission signal, constituents 1 0. 1 1 . 1 2, 
13, 14, 15. 17 and 18 are added to the above-described conventional system. Reference numeral 10 represents a delay 
(memory) circuit for local transmission wave cancelling signal generation, reference numeral 1 1 represents a carrier 

40 reproducing circuit reference numeral 12 represents a modulator for local transmission wave cancelling signal gener- 
ation, reference numeral 13 represents an amplitudefchase control circuit for local transmission wave cancelling signal 
generation, reference numeral 14 represents a controller, reference numeral 17 represents an adaptive filer, and refer- 
ence numeral 18 represents an adder. 

The transmission bit train (an output from the baseband circuit 1) used at the transmission system for modulation 

45 is also inputted to the delay (memory) circuit 10. The delay (memory) circuit 10 stores the transmission bit train in order 
to delay it by a time required for the transmission wave to transmit from the earth station to the satellite and reach the 
earth station via the satellite repeater as the local transmission wave, and inputs the transmission bit train delayed by a 
necessary time to the modulator 12. The signal converted into the IF frequency by the frequency converter 7 of the 
reception system is also distributed to the carrier reproducing circuit 1 1 . The carrier reproducing circuit 1 1 reproduces 

so the carrier of the local transmission wave components contained in the reception signal of the IF frequency, and inputs 
it to the modulator 12. The modulator 12 modulates like in the transmission system the carrier inputted from the carrier 
reproducing circuit 1 1 1 with the transmission bit train inputted from the delay (memory) circuit 10 to thereby generate a 
modulated wave tor local transmission wave cancelling signal generation which is inputted to the adaptive filter 1 7. The 
adaptive filter 17 is used for enhancing the cancelling effects, by adding the same distortion as that generated on the 

55 satellite return path to the local transmission signal cancelling signal to make this signal have the same waveform as 
the local transmission signal. Under the control of the controller 14, the adaptive fitter 1 7 changes its filter characteris- 
tics to maximize the local transmission signal cancelling effects. Optimization of the filter characteristics of the adaptive 
filter 1 7 can be made more complete by receiving only the local transmission signal at each partner earth station before 
the start of bidirectional communications. An output of the adaptive filter 1 7 is inputted to the ampiitudefchase control 
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circuit 13. The amplitude/phase control circuit 13 controls the amplitude and phase of the modulated wave for local 
transmission wave cancelling signal generation to make the modulated wave have the same amplitude as, and the 
opposite phase to, those of the local transmission signal components contained in the reception signal (a signal from 
the down-converter 7 to the adder 18). The local transmission wave cancelling signal with the adjusted amplitude and 

5 phase is inputted to the adder 1 8. The controller 1 4 is supplied with the signal after the addition and the error correction 
information from the baseband circuit 9. The controller 1 4 controls the amplitude/phase circuit 13 and adaptive filter 1 7. 
The adder 18 adds the signal from the down-converter 7 to the signal from the amplitude/phase control circuit 13. Addi- 
tion by the adder 18 suppresses the local transmission signal components contained in the reception signal by the can- 
celling effects and can separate the remote transmission signal components. Therefore, the remote transmission signal 

10 demodulator 8 and remote transmission signal baseband circuit 9 at the later stages can operate normally. 

The above-described arrangement adds a function of cancelling the local transmission signal components to a con- 
ventional satellite communication earth station, and also provides the training function for improving the local transmis- 
sion signal component canceling effects by compensating for transmission channel distortions. 

Rgs. 10 and 1 1 show examples of a phase control circuit to be used by the embodiments of the invention. It is nec- 

15 essary for the invention to control the amplitude and phase of the local transmission signal cancelling signal. The ampli- 
tude can be easily controlled by using a normal variable attenuator or variable amplifier. The phase may be controlled 
by using an IF frequency. If the modulator for local transmission signal cancelling signal generation is made of a digital 
modulator, the phase can be controlled through digital calculations. Pig. 10 shows a phase control circuit using an IF 
frequency, and Fig. 1 1 shows a phase control circuit using digital calculations. 

20 The circuit shown in Fig. 10 will be described. A calculation of rotating the phase of a signal S(t) by 6 is given by 
the following equation (6): 

S T (t)exp(je) = S(t)cose+S(t)jsine (6) 

25 The circuit shown in Fig. 10 calculates this equation. The input signal S(t) 24 is distributed by a distributor 19. A 90° 
phase shifter 20 represents i in the second term of the equation (6). An output of a multiplier 22 with a multiplier signal 
(cose ) 25 represents the first term of the equation (6). An output of a multiplier 23 with a multiplier signal (sine ) 26 rep- 
resents the second term of the equation (6). An adder 21 adds the first and second terms to obtain an output signal 
Sr(t)exp(je) 27. 

30 Next, the circuit shown in Fig. 1 1 will be described. Two input signals (I) and (Q) 42 and 43 are supplied to the mod- 
ulator. The input signal 42 is delayed by a delay circuit 28 and thereafter its waveform is shaped by a digital filter 29 
which outputs a signal l(t). Similarly, the input signal 43 is delayed by a delay circuit 29 and thereafter its waveform is 
shaped by a digital filter 31 which outputs a signal Q(t). An output of a phase rotation calculation circuit 32 is converted 
into an analog signal by a D/A converter 34 and outputted as a signal 47. A phase control input (6) 44 is converted by 

35 a coefficient storage circuit 33 into multiplier coefficients (cose ) and (sine ) 45 and 46. The operation of the phase rota- 
tion calculation circuit 32 will be detailed. An input signal S(t) to the phase rotation calculation circuit 32 is given by the 
following equation (7): 

S T (t) = l(t)+jQ(t) (7) 

40 

The calculation of rotating the phase of the signal S(t) by 6 can be given by the following equation (8): 

S T (t)expGe) = (i(tWQ(t))(cose-Hsine) 
= (Kt)cose-Q(t)jsine) + j(l(t)sine+Q(t)cose) 

45 

The phase rotation calculation circuit 32 shown in Fig. 11 calculates the equation (8). The outputs of coefficient multi- 
pliers 35 to 38 represent the first to fourth terms of the equation (8), respectively. These outputs are added together by 
adders 39, 40, and 41 to obtain S-Kt)exp(j6). The phase rotation calculation circuit is configured as described above. 

so As described so far, according to the present invention, since the occupied bandwidth can be halved at the maxi- 
mum as compared to conventional communications, the running cost (use charge of a satellite repeater) can be 
reduced considerably, contributing to an efficient usage of valuable frequency resources. 

An apparatus which realizes the invention can be made of a simple circuit added to a conventional satellite com- 
munications apparatus. Accordingly, the running cost (use charge of a satellite repeater) can be reduced considerably. 

55 In a VSAT system of an embodiment of the invention, a frequency deviation at a satellite repeater can be known 
from the frequency of a carrier of a received local transmission signal, ft is therefore possible to control the frequency 
of the local transmission signal at a HUB station and compensate for the frequency deviation. In this case, each VSAT 
station can stabilize the reception frequency, improving the stabilization of the whole system. 
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The invention is particularly effective for high speed two-site bidirectional communications requiring broad fre- 
quency bandwidths. 

Cancellation can not be executed if each station in two-site bidirectional communications has no local transmission 
information. Accordingly, each station is provided with a privacy function. 

5 

Claims 

1 . A satellite communications system capable of bidirectional satellite communications between earth stations via a 
satellite, each earth station comprising: 

w a transmission unit for transmitting a local transmission signal toward the satellite; 

a reception unit for receiving a remote transmission signal transmitted from a remote earth station and a 
return signal, the return signal being part of said local transmission signal transmitted from the local earth station 
toward the satellite and partially returned from the satellite and received at the local earth station; and 

a cancelling unit supplied with part of said local transmission signal and said received return signal, for can- 
is celling said received return signal by part of said local transmission signal, 

whereby communications by a plurality of signals sharing the same frequency band become possible while 
at least partially superposing respective signal frequencies. 

2. A satellite communication system according to claim 1 , wherein said cancelling unit comprises: 

20 a delay circuit (10) separating part of said local transmission signal and delaying said separated signal by a 

transmission time required for said return signal to reach the local earth station after said local transmission signal 
is transmitted toward the satellite; 

a circuit (11) reproducing a carrier from said return signal; 

a modulator circuit (12) modulating said reproduced carrier with said delayed, separated signal and output- 
25 ting a modulated wave for cancelling said received return signal; 

an amplitude/phase control circuit (13) controlling the amplitude and phase of said modulated wave output- 
ted from said modulator circuit; and 

a combining circuit (18) combining said modulated wave with the phase and amplitude having been control- 
led by said amplitude/phase control circuit, and a signal transmitted from the remote earth station including said 
30 return signal, 

whereby said received return signal contained in the signal transmitted from the remote earth station is can- 
celled through combining (Fig. 6). 

3. A satellite communications system according to claim 2. wherein said modulator circuit is provided with a function 
35 of making said modulated wave for cancelling said received return signal have the same amplitude as, and the 

opposite phase to, those of said received return signal. 

4. A satellite communications system according to claim 2. wherein said cancelling unit further comprises: 

an error correction circuit (9) provided on the output side of said combining circuit and correcting an error in 
40 an output signal of said combining circuit; and 

a control circuit (14) receiving a bit error rate obtained through error correction by said error correction cir- 
cuit and if the bit error rate increases, controlling said amplitude/phase control circuit (13) to control the amplitude 
and phase of the carrier wave of said modulated wave so as to minimize the bit error rate (Fig. 7). 

45 5. A satellite communications system according to daim 2, wherein said delay circuit is a buffer memory for controlling 
the read/write timing in accordance with the transmission time. 

6. A satellite communications system according to claim 2, wherein said cancelling unit further comprises: 

a level detecting unit (15. 16) for detecting one or both of the signal levels at the front and back stages of 
so said combining circuit; and 

a control unit (14) for receiving the detected signal level from said level detecting unit and controlling said 
amplitude/t)hase control circuit (13) so as to maximize a difference between the detected signal level before and 
after combining by said combining circuit (Fig. 8). 

55 7. A satellite communications system according to claim 6. wherein said cancelling unit further comprises a filter ( 1 7) 
disposed between said modulator circuit (12) and said amplrtude/|phase control circuit (13). said fitter receiving a 
control signal from said control unit, giving said modulated wave for cancelling said received return signal, the 
amplitude/delay frequency characteristics equivalent to distortions of said local transmission signal generated 
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along a satellite return path, and outputting said modulated wave with the changed amplitude/delay characteristics 
to said amplitude/|phase control circuit to maximize the effects of cancelling said received return signal (Fig. 9). 

8. A satellite communications system according to claim 2, wherein the frequency of the local transmission signal at 
each earth station is set differently so as to facilitate reproducing the carrier wave at the reproducing circuit 

9. A satellite communications system according to claim 8, wherein at each earth station the frequency of a signal 
transmitted from a remote earth station is set slightly higher or lower than the frequency of a signal transmitted from 
a local earth station. 

10. A satellite communications system having N satellite communications earth stations, each earth station compris- 
ing: 

a transmission unit for transmitting a local transmission signal toward a satellite, all N earth stations being 
adapted to transmit the local transmission signal at the same time by assigning respective two earth stations in 
communications with a predetermined frequency band; 

a reception unit for receiving a remote transmission signal transmitted from a remote earth station and a 
return signal, the return signal being part of said local transmission signal transmitted from the local earth station 
toward the satellite and partially returned from the satellite and received at the local earth station; and 

a cancelling unit supplied with part of said local transmission signal and said received return signal, for can- 
celling said received return signal by part of said local transmission signal, 

whereby communications by a plurality of signals sharing the same frequency band become possible while 
partially or wholly superposing respective signal frequencies. 

1 1 . A satellite communications system according to claim 1 , wherein in response to a channel setting request from two 
earth stations A and B. a bidirectional satellite channel having a wider band between two bands occupied by com- 
munications from station A to station B and from station B to station A is assigned for a predetermined time, allow- 
ing the narrower band to share the wider band. 

1 2. A satellite communications system according to claim 1 , wherein in response to a channel setting request from two 
earth stations A and B, a bidirectional satellite channel having a predetermined single band is assigned for a pre- 
determined time, allowing stations A and B to share the band at the same time while superposing part or the whole 
of frequency spectra. 

1 3. A VSAT satellite system having a large earth station (HUB station) and a plurality of small earth stations (VSAT sta- 
tions), the HUB station comprising: 

a transmission unit for transmitting a local transmission signal toward the satellite; 

a reception unit for receiving a remote transmission signal transmitted from a remote earth station and a 
return signal, the return signal being part of said local transmission signal transmitted from the local earth station 
toward the satellite and partially returned from the satellite and received at the local earth station; and 

a cancelling unit supplied with part of said local transmission signal and said received return signal, for can- 
celling said received return signal by part of said local transmission signal, 

whereby communications by the HUB station and the VSAT stations sharing the same frequency band 
become possible while partially or wholly superposing respective signal frequencies. 

14. A VSAT satellite system according to claim 13, wherein said VSAT station comprises: 

a transmission unit for transmitting a local transmission signal toward the satellite; 

a reception unit for receiving a remote transmission signal transmitted from a remote earth station and a 
return signal, the return signal being part of said local transmission signal transmitted from the local earth station 
toward the satellite and partially returned from the satellite and received at the local earth station; and 

a cancelling unit supplied with part of said local transmission signal and said received return signal, for can- 
celling said received return signal by part of said local transmission signal, 

whereby communications by the HUB station and the VSAT stations sharing the same frequency band 
become possible while partially or wholly superposing respective signal frequencies. 

15. A satellite communications system having a plurality of earth stations for communications to and from a satellite 
repeater, each earth station at least on one side comprising: 

a transmission system comprising: 

local transmission baseband means (1) for digitizing transmission information and error-correction coding 
the digitized transmission information to generate a transmission bit train; 
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transmission modulating means (2) fa modulating said transmission bit train; 

up-converter means (3) for converting the frequency of said transmission bit train modulated by said modu- 
lating means into an RF frequency; and 

transmitting means (4, 5) for transmitting said modulated bit train having the RF frequency as a local trans- 
5 mission signal at a local station (HUB or VSAT station) toward the satellite repeater via a transmission antenna (5); 
and 

a reception system comprising: 

receiving means (5, 6) for receiving via a reception antenna (5) a remote transmission wave (S' v ) transmitted 
from a remote earth station (VSAT or HUB station) and frequency-band-converted and a frequency-band -con- 
io verted return signal (S' H ). the return signal being part of a local transmission signal transmitted from the local earth 
station toward the satellite repeater and partially returned from the satellite repeater and received at the local earth 
station; 

down-converter means (7) for converting the frequency of a reception signal received by said reception 
means into an IF frequency; 

is remote transmission signal demodulating means (8) for demodulating the reception signal having the IF fre- 
quency and converting the reception signal into a reception bit train; 

• . ;% V; J remote station transmission signal baseband means (9) for receiving said reception bit train and obtaining 

transmission information sent from the remote earth station (VSAT or HUB station); and 
, t return signal cancelling means (48) for reproducing a carrier wave (S' H ) of the return signal from an output 

- * 20 signal (S'v. S* H ) of said down-converter means and generating a modulated signal (-S' H ) for cancelling said fre- 

quency-band-converted signal (S' H ) corresponding to said local transmission signal, said modulated signal being 
obtained by modulating, in the same manner as said modulating means of said transmission system, said carrier 
wave with said transmission bit train generated by said local transmission baseband means (1) and delayed by a 
transmission time of said return signal, said return signal cancelling means cancelling said return signal contained 
2s in the output signal of said down-converter means by adding said modulated signal to the output signal. 

16. A satellite communications system according to claim 15, wherein said return signal cancelling means comprises: 

a carrier wave reproducing unit (1 1) for reproducing the carrier wave (S' H ) of the return signal from the output 
signal of said down-converter means; 
30 a delay unit (10) for delaying said transmission bit train generated by said local transmission baseband 

means (1) by a transmission time of said return signal; 

a cancelling signal generation modulating unit (12) for generating a modulated signal (S' H ) for cancelling the 
return signal, said modulated signal being obtained by modulating, in the same manner as said modulating means 
of said transmission system, said carrier wave reproduced by said carrier wave reproducing unit with said transmis- 
35 sion bit train delayed by said delay unit; 

an amplitude/phase control unit (13) for controlling the amplitude and phase of the carrier wave (S * H ) of said 
cancelling signal generation modulating unit to have the same amplitude as, and the opposite phase to, those of 
the return signal (S' H ) contained in the reception signal (S'v, S' H ); and 
v '} an adder unit (18) for adding an output signal of said down-converter means to an output of said ampli- 

40 tude/phase control unit, 

-v ; " -V-i whereby the return signal contained in the reception signal is suppressed to separate the remote transmis- 

sion signal components. 

1 7. A satellite communications system according to claim 1 6, wherein said return signal cancelling means further com- 
45 prises a control unit (1 4) for receiving a bit error rate obtained through error correction by said remote transmission 

signal baseband means (9). and if the bit error rate increases, controlling said amplitude/frhase control unit (13) to 
control the amplitude and phase of an output of said cancelling signal generation modulating unit so as to minimize 
the bit error rate. 

so 1 8. A satellite communications system according to claim 1 6, wherein said return signal cancelling means further com- 
prises: 

level detecting units (15. 16) for detecting levels of signals before and after said adder unit; and 
a control unit (14) for receiving the levels detected by said level detecting units and controlling said ampli- 
tude/phase control unit so as to maximize a difference between the detected signal level before and after addition 
as by said adder unit. 

1 9. A satellite communications system according to claim 1 8, wherein said return signal cancelling means further com- 
prises a filter (17) disposed among said cancelling signal generation modulating unit (12), said amplitude/phase 
control unit (13), and said control unit (14), said fitter receiving a control signal from said control unit, giving said 
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modulated wave for cancelling said received return signal the amplitude/delay frequency characteristics equivalent 
to distortions of said local transmission signal generated along a satellite return path, and outputting said modu- 
lated wave with the changed amplitude/delay characteristics to said amplrtudefchase control unit to maximize the 
effects of cancelling said received return signal. 

5 

20. A satellite communications method for each earth station in communications via a satellite repeater, comprising the 
steps of: 

separating part of a local transmission signal transmitted toward the satellite repeater; 

delaying said separated signal by a time generally equal to a time required for a return signal which is part 
10 of said local transmission signal returned from the satellite repeater; and 

combining said delayed signal and said return signal returned from said satellite repeater and received at 
the local earth station to cancel said return signal, 

whereby communications by a plurality of signals sharing the same frequency band become possible while 
at least partially superposing respective signal frequencies. 

15 

21. A satellite communication method for N satellite communications earth stations, comprising the steps of: 

-" , separating part of a local transmission signal transmitted toward a satellite, all N earth stations being 

adapted to transmit the local transmission signal at the same time by assigning respective two earth stations in 
communications with a predetermined frequency band; 
20 delaying said separated signal by a time generally equal to a transmission time required for a return signal 

which is part of said local transmission signal returned from the satellite; and 

combining said delayed signal and said return signal returned from said satellite and received at the local 
earth station to cancel said return signal, 

whereby communications by a plurality of signals sharing the same frequency band become possible while 
25 partially or wholly superposing respective signal frequencies 

22. A satellite communications method wherein in response to a channel setting request from two earth stations A and 
B. a bidirectional satellite channel is assigned for a predetermined time, the method comprising the steps of: in 
each of each of earth stations A and B, 

30 separating part of a local transmission signal transmitted toward a satellite; 

delaying said separated signal by a time generally equal to a transmission time required for a return signal 
which is part of said local transmission signal returned from the satellite; and 

combining said delayed signal and said return signal returned from said satellite and received at the local 
earth station to cancel said return signal, 
35 whereby a wider band between two bands occupied by communications from station A to station B and from 

station B to station A is assigned, allowing the narrower band to share the wider band. 

. . r . 23. a satellite communications method wherein in response to a channel setting request from two earth stations A and 

*5*;f B > a bidirectional satellite channel having a predetermined single band is assigned for a predetermined time, the 

40 method comprising the steps of: in each of stations A and B, 
. separating part of a local transmission signal transmitted toward a satellite; 

delaying said separated signal by a time generally equal to a transmission time required for a return signal 
which is part of said local transmission signal returned from the satellite; and 

combining said delayed signal and said return signal returned from said satellite and received at the local 
45 earth station to cancel said return signal, 

whereby stations A and B are allowed to share the band at the same time while superposing part or the 
whole of frequency spectra. 

24. A satellite communications method for a VSAT satellite system having a large earth station (HUB station) and a plu- 
so rality of small earth stations (VSAT stations), the method comprising the steps of: in the large HUB earth station, 
separating part of a local transmission signal transmitted toward a satellite; 

delaying said separated signal by a time generally equal to a transmission time required for a return signal 
which is part of said local transmission signal returned from the satellite; and 

combining said delayed signal and said return signal returned from said satellite and received at the local 
55 earth station to cancel said return signal, 

whereby the same frequency band is shared by both transmission signals from the large HUB earth station 
and small VSAT earth stations while partially or wholly superposing respective signal frequencies. 
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25. A satellite communications method for a VSAT satellite system having a large earth station (HUB station) and a plu- 
rality of small earth stations (VSAT stations), the method comprising the steps of: in each small VSAT earth station, 
separating part of a local transmission signal transmitted toward a satellite; 

delaying said separated signal by a time generally equal to a transmission time required for a return signal 
which is part of said local transmission signal returned from the satellite; and 

combining said delayed signal and said return signal returned from said satellite and received at the local 
earth station to cancel said return signal. 

whereby the same frequency band is shared by both transmission signals from the targe HUB earth station 
and small VSAT earth stations while partially or wholly superposing respective signal frequencies. 
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26. A satellite communications method according to claim 24. wherein of signals received at each VSAT station, a sig- 
nal from the HUB station has a much larger power than a signal from each VSAT station, and with said larger power, 
a reception unit of the VSAT station suppresses the small signal relative to the large signal based on the non-line- 
arity of the reception unit to improve the quality of a signal received from the HUB station. 

15 

'* L . v \"Y*'^-1 27 * A satellite communications method for bidirectional communications, comprising the steps of: at a return signal 

cancelling circuit in each earth station. 
" . * separating part of a local transmission signal transmitted toward a satellite; 

v .v .:. delaying said separated signal by a time generally equal to a transmission time required for a return signal 
. 20 which is part of said local transmission signal returned from the satellite; and 

combining said delayed signal and said return signal returned from said satellite and received at the local 
earth station to cancel said return signal. 

whereby the same frequency band is shared by a plurality of signals white partially or wholly superposing 
respective signal frequencies. 

25 

28. A satellite communications method according to claim 27. wherein in response to a channel setting request, a bidi- 
rectional satellite channel is assigned to two stations A and B for a predetermined time, and a wider band between 
two bands occupied by communications from station A to station B and from station B to station A is assigned, 
allowing the narrower band to share the wider band. 

30 

29. A satellite communications method according to claim 27, wherein in response to a channel setting request, a bidi- 
rectional satellite channel of the same single band is assigned to two stations A and B for a predetermined time, 
and whereby stations A and B share the same single band at the same time while superposing partially or wholly 
the frequency spectra. 

35 

30. A satellite communications method according to claim 27, wherein said return signal cancelling circuit comprises: 

a circuit separating part of a local transmission signal; 

a delay circuit for delaying said separated signal by a transmission time required for a return signal which is 
part of said local transmission signal returned from a satellite; 
40 a wcuit reproducing a carrier wave from the returned signal ; 

a circuit for modulating said reproduced carrier wave with the signal delayed by said delay circuit; 
a circuit changing the amplitude and phase of the modulated carrier wave; 

a circuit for combining said modulated wave with the changed amplitude and phase and a reception signal 
from the satellite; and 
45 a circuit almost cancelling said return signal in said combined signal. 

31 . A satellite communications system according to claim 30, wherein said return signal cancelling circuit changes the 
amplitude in accordance with the power level of said reproduced carrier wave. 

so 32. A satellite communications system according to claim 30, wherein said return signal cancelling circuit changes the 
amplitude and phase of said carrier wave and a delay time of said delay circuit in accordance with monitor informa- 
tion of a signal quality (bit error rate, and the like) of a signal (desired signal) of a remote station outputted from said 
combining circuit. 

55 33. A satellite communications system according to claim 30. wherein said delay circuit uses a buffer memory for delay- 
ing said separated signal by the transmission time for the return signal, and if necessary, controls a read timing of 
said buffer memory, to thereby compensate for a variation of a delay time caused by drifts of the satellite. 
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34. A satellite communications system according to claim 30, wherein sad return signal cancelling circuit has a circuit 
equivalent to the amplitude/delay frequency characteristics of a satellite return path to improve the cancelling 
degree of the return signal, said circuit being inserted into a signal path for said separated signal separated from 
said local transmission signal. 
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FIG. 8 



X 5 



6 



LNA - D/C 



48 

dL.. 

18 



PET 

T> — 



15 



11 



13 



^ CAR 



\J A, O f- 



' — HPA - 



U/C 
7^ 



" Hmod 



MOD 



DEM 1 



3 



DET 



CNT 



16! 



12 



14 



T 7 " 
2 



iDELAYK in 



B.B. 

~7 T ~ 

1 



FIG. 9 



6 



LNA - D/C 




_ /i A.0) - CNT 
13^ ' y 1 L 



11 



HPA H 



U/C 



3 



CAR M MOD 
I 



FIL 



14 



17 
12 



Hmod I — i-j HDELAYK m 



z- 7 

2 



B.B. 



21 



EP0 732 814 A2 



FIG. 10 



13 



24 

Z_ 



25 




22 



H 



19 



21 xT 



H 



27 



7T 

2 



20 23 




26 




22 



EP 0 732 814 A2 



FIG. 12 
PRIOR ART 



s s B 

S A +S B 



A B 
OCCUPIED BANDWIDTH = BW (a^b) + BW (B-*A) 

S A , S B 



(1) FREQUENCY DIVISION USE j 

r i| ' 



A^B 



B-A 



(2) TIME DIVISION USE 



SA 
B 



B 



23 



THIS PAGE BLANK wspioi 



(19) 



J 



(12) 



(88) Date of publication A3: 

12.07.2000 Bulletin 2000/28 

(43) Date of publication A2: 

1 a 09.1 996 Bulletin 1996/38 

(21) Application number: 96103664.7 

(22) Date of filing: 08.03.1996 



EuropSisches Patentamt 
European Patent Office 
Office europeendes brevets (11) EP 0 732 814 A3 

EUROPEAN PATENT APPLICATION 

(51) IntCI. 7 : H04B 7/185, H04B 7/208 



(84) Designated Contracting States: 


• Uchida, Toyoaki 




DE FR GB IT 


Ebina-shi (JP) 




(30) Priority: 15.03.1995 JP 5583095 


(74) Representative: 




Altenburg, lido, Dipl.-Phys. e 


tal 


(71) Applicant: Hitachi, Ltd. 


Patent- und RechtsanwStte 




Chiyoda-ku, Tokyo 101 (JP) 


Bardehle . Pagenberg . Dost 


. Altenburg . 




Geissler . Isenbruck 




(72) Inventors: 


Galileiplatz 1 




• Ishida, Noriaki 


81679 Munchen (DE) 




Yokosuka-shi (JP) 





(54) Bidirectional satellite communication system with sharing of a same frequency band 
through superposition of signal frequencies 



(57) A satellite communications system and method 
capable of bidirectional satellite communications 
between earth stations via a satellite, whereby commu- 
nications by a plurality of signals sharing the same fre- 
quency band become possible while partially or wholly 
superposing respective signal frequencies. Each earth 
station including: a transmission circuit (1 , 2, 3, 4, 5) for 
transmitting a local transmission signal toward the satel- 
lite; a reception circuit (5, 6, 7, 8, 9) for receiving a 
remote transmission signal transmitted from a remote 
earth station and a return signal, the return signal being 
part of the local transmission signal transmitted from the 
local earth station toward the satellite and partially 
returned from the satellite and received at the local 
earth station; and a cancelling circuit (48) being sup- 
plied with part of the local transmission signal and the 
received return signal, for cancelling the received return 
signal by part of the local transmission signal. 



FIG.1 



OCCUPIED BANDWIDTH >MAX {BWjn^ . BW 0 _ A) ) 



A — B 
B — A 



CO 

< 

00 

CM 
CO 

o 

Q. 

ID 



Primed by Xerox (UK) Business Services 
2.16.7 (HRSJ/3 6 



EP 0 732 814 A3 



Europe, Patent EUROPEAN SEARCH REPORT W^*™*' 
o*"^ EP 96 10 3664 



DOCUMENTS CONSIDERED TO BE RELEVANT 




Category 


Citation of document win indication, where appropriate, 
of relevant passages 


Relevant 
to claim 


CLASSIFICATION OF THE 
APPLICATION (lntCI.6) 


X 
Y 

Y 

X 
E 


US 4 45G 582 A (RUSSELL STEVEN P) 
22 May 1984 (1984-05-22) 

* abstract * 

* column 1, line 49 - column 2, line 2 * 

* column 7, line 48 - line 55 * 

* column 8, line 33 - line 35 * 

* column 10, line 3 - line 6 * 

* figures 1-9 * 

MINAMISONO K ET AL: "AN INTERFERENCE 
CANCELLATION METHOD FOR SMALL EARTH 
STATIONS" 

ELECTRONICS & COMMUNICATIONS IN JAPAN, 
PART I - COMMUNICATIONS, US, SCRIPTA 
TECHNICA. NEW YORK, 
vol. 76, no. 1, 

1 January 1993 (1993-01-01), pages 84-93, 
XPOQO408627 
ISSN: 8756-6621 

* summary * 

* conclusions * 

* figure 7 * 

PATENT ABSTRACTS OF JAPAN 

vol. 011, no. 033 (E-476), 

30 January 1987 (1987-01-39) 

& JP 61 202533 A (MITSUBISHI ELECTRIC 

CORP) , 8 September 1986 (1986-09-08) 

* abstract * 

EP 0 707 389 A (HUGHES AIRCRAFT CO) 
17 April 1996 (1996-64-17) 

* abstract * 

* figure 1 * 

* claims 1,2,4 * 

-/-- 


1-3.5,6, 

19- 12. 

20- 23, 
27-31 
13-16, 
18,24,25 

13-16, 
18,24,25 

1-3 

13-16, 
18,24,25 


H04B7/185 
H94B7/2G8 


TECHNICAL RE LOS 
SEARCHED (lnLd.6) 


H04B 


The present search report has been drawn up for aU daima 


Plac* of March Drfe cA completion cf ttw ••jrch EMpmner 

THE HAGUE 18 May 2008 Sorrentino, A 


CATEGORY Of CITED DOCUMENTS T : thaoryor princpla underlying tha tovanbon 

E : Miter potent document, but pubfiahad on, or 
X : partioularty tmimmt 4 tafcan atona after tha ting data 
Y : particularly ratavart V otyr*»wd wih anotW D : dooumant oitad ai tha appteation 
doouroani of tha una catagory L : documant etad tor otrar raaaorti 

A : ftaohnolognaJ background „ „ „_ „ „„. 

0 : non-wiittan dbctoaura ft : mambarof tt* aama patent tan#y , oonwpo«frtg 
P : artarmadiata dtocumant dooumanl 



2 



EP0 732 814A3 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 96 19 3664 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with in ci cation, where appropriate, 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (lnLCI.6) 



WO 97 05711 A (VIASAT INC) 
13 February 1997 (1997-92-13) 

* page 1, line 20 * 

* page 3, line 26 - line 35 * 

* page 7, line 30 - line 35 * 

* page 8, line 19 - line 29 * 



1-7 



TECHNICAL FIELDS 
SEARCHED (lnt.CL6) 



The present search report has been drawn up tor all daims 



THE HAGUE 



0*e ofcxnvleieA d ttw Man* 

18 Hay 2000 



Eumner 

Sorrentino, A 



s 

8 



CATEGORY OF CITED DOCUMENTS 

X : paftieultrty ratovcnt I taken atofM 

Y ; pertmilirty ntavant ( oombtftBd <Hth onother 

document of the same category 
A : teohratogbel background 
O ; noiwrittMi dnotosufe 
P : mkMirwdtst* document 



T .* theory or pnnopto underlying the nvenbon 
E : —Ami patent document, but pubhh*d on, a 

after the filing data 
D ; document ofted in the application 
L : document oled tor other reasons 



& i member of ttte saint paient famfly, corresponding] 
document 



3 



EP 0 732 814 A3 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 96 1G 3664 



This annex lists the patent famdy members relating to the patent documents cited in the above-mentioned European search report. 
The members are as contained in the European Patent Office EDP We on 

The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information. 

18-G5-2000 



Patent document 
cited in search report 



Publication 
date 



Patent famtfy 
members) 



Publication 
date 



US 4456582 



22-05-1984 



NONE 



JP 61202533 



08-09-1986 



NONE 



EP 0707389 


A 


17-04- 


1996 


US 


5625640 


A 


29-04-1997 










AU 


677130 


B 


10-04-1997 










AU 


3170595 


A 


28-03-1996 










CA 


2158391 


A 


17-03-1996 


WO 9705711 


A 


13-02- 


1997 


US 


5596439 


A 


21-01-1997 










AU 


702570 


B 


25-02-1999 










AU 


6644396 


A 


26-02-1997 










BR 


9609833 


A 


27-07-1999 










CN 


1192305 


A 


02-09-1998 










EP 


0878067 


A 


18-11-1998 










JP 


11510344 


T 


07-09-1999 



o 

& For more details about this annex : see Official Journal of the European Patent Office, No. 12/82 



\ 



